[Apoptosis-inducing and -preventing signal transduction pathways in cultured cerebellar granule neurons].
1. Cultured cerebellar granule neurons maintained in medium containing 26 mM potassium (high K+ or HK+) undergo cell death when switched to medium with 5 mM potassium (low K+ or LK+). This low K(+)-induced cell death has typical features of apoptosis. The intracellular signaling pathway of low K(+)-induced apoptosis has been investigated. 2. Cerebellar granule neurons become committed to undergo apoptosis between 2 and 5 h after K+ deprivation, judging from the inability of high K+ to rescue them after this time. Although the levels of most mRNAs decrease markedly concomitant with commitment, expression of c-jun mRNA increases 2-3 h after K+ deprivation. Among the family of caspases, a caspase-3-like protease is activated within 4 h of lowering the K+ concentration. A caspase-1-like protease is also activated within 2 h of K+ deprivation. 3. Inhibition of phosphatidylinositol 3-kinase (PI3-K) activity by LY294002 or wortmannin also induces apoptosis in cerebellar granule neurons. The intracellular signaling pathway of LY294002-induced apoptosis has been investigated. The activity of c-Jun N-terminal kinase (JNK) increases 8 h after addition of LY294002 to high K+ medium or low K+ medium containing BDNF. Expression of c-Jun protein also increases almost simultaneously. 4. The low K(+)-induced apoptosis of cerebellar granule neurons is prevented by high K+ (membrane depolarization by high K+), BDNF, IGF-1, bFGF or cAMP. The intracellular signaling pathways by which these agents prevent low K(+)-induced apoptosis have been investigated. Agents other than cAMP prevent apoptosis through PI3-K and a Ser/Thr kinase, Akt/PKB. The survival-promoting effect of cAMP does not depend on the PI3-K-Akt pathway.